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Sandro F. Fucentese
Abstract
Background: There have been conflicting studies published regarding the ability of various total knee arthroplasty
(TKA) techniques to correct preoperative deformity. The purpose of this study was to compare the postoperative
radiographic alignment in patients with severe preoperative coronal deformity (≥10° varus/valgus) who underwent
three different TKA techniques; manual instrumentation (MAN), computer navigated instrumentation (NAV) and
patient specific instrumentation (PSI).
Methods: Patients, who received a TKA with a preoperative coronal deformity of ≥10° with available radiographs
were included in this retrospective study. The groups were: MAN; n = 54, NAV; n = 52 and PSI; n = 53. The
mechanical axis (varus / valgus) and the posterior tibial slope were measured and analysed using standing long leg-
and lateral radiographs.
Results: The overall mean postoperative varus / valgus deformity was 2.8° (range, 0 to 9.9; SD 2.3) and 2.5° (range, 0
to 14.7; SD 2.3), respectively. The overall outliers (>3°) represented 30.2% (48 /159) of cases and were distributed as
followed: MAN group: 31.5%, NAV group: 34.6%, PSI group: 24.4%. No significant statistical differences were found
between these groups. The distribution of the severe outliers (>5°) was 14.8% in the MAN group, 23% in the NAV
group and 5.6% in the PSI group. The PSI group had significantly (p = 0.0108) fewer severe outliers compared to
the NAV group while all other pairs were not statistically significant.
Conclusions: In severe varus / valgus deformity the three surgical techniques demonstrated similar postoperative
radiographic alignment. However, in reducing severe outliers (> 5°) and in achieving the planned posterior tibial
slope the PSI technique for TKA may be superior to computer navigation and the conventional technique. Further
prospective studies are needed to determine which technique is the best regarding reducing outliers in patients
with severe preoperative coronal deformity.
Keywords: Outliers, Total knee arthroplasty, Severe coronal deformity, Patient specific instrumentation, Computer
navigation, Manual instrumentation, Alignment, Measurement
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Background
The generally accepted radiographic goal in total knee
arthroplasty (TKA) is the restoration of a neutral mech-
anical axis (zero degree +/− three degrees). An align-
ment, which lies beyond this range can lead to
premature implant failure [1], abnormal wear [2, 3] and
patello-femoral pain [4, 5]. Furthermore, the goal to
achieve a neutral mechanical axis has been supported in
biomechanical and clinical studies and therefore most
authors agree on this concept [1, 5–7].
To date, the three most commonly used techniques
for TKA are: 1) the conventional technique with manual
instrumentation (MAN) using intramedullary and/or
extramedullary jigs to position the cutting blocks; 2)
computer navigated instrumentation (NAV) using either
an optical or, recently introduced, an electromagnetic
wireless system to intraoperatively position the cutting
jigs correctly and 3) patient specific instrumentation
technique (PSI) using individualized cutting jigs de-
signed from 3D images from the patient’s anatomy
(based on a preoperative computer tomography (CT)
scan or magnetic resonance imaging (MRI)).
The conventional technique has shown that outliers
(>3°) may be produced at a rate of up to 32% [8, 9], en-
couraging more predictable techniques to be developed.
The introduction of computer navigation has been asso-
ciated with fewer outliers [8], but on the other hand,
there is conflicting data regarding the radiographic ac-
curacy in the coronal alignment. Some studies have
shown that computer navigation provides no significant
decrease in outlier incidence [10, 11] and in some cases,
may even increase the proportion of outliers [12–14].
Overall, the majority of orthopaedic surgeons have not
been convinced of computer navigation due to the un-
certainty of a true benefit and potential downsides such
as longer operating times, issues with bicortical tibial
and femoral pins (iatrogenic fractures, infection) and
higher costs [15–17].
An increasingly popular development in TKA is pa-
tient specific instrumentation (PSI), based on preopera-
tive CT or MRI. Potential benefits include increased
efficiency and accuracy with no additional intramedul-
lary canal violation and less blood loss. However, there
are also conflicting results concerning radiographic ac-
curacy compared to the two other techniques [18–24].
It is well known that the severity of the preoperative
coronal alignment is associated with a worse postopera-
tive result independent of the surgical technique [25,
26]. There are no studies published, which analyse the
postoperative radiographic accuracy regarding the three
previously mentioned instrumentation techniques with
respect to severe preoperative coronal deformity. There-
fore, the rational of the present study is to retrospect-
ively analyse the postoperative radiographic alignment of
the three different techniques in patients with severe
coronal deformity (≥ 10° varus or valgus).
The hypothesis was that computer navigation or PSI
technique would provide better radiological accuracy
than the conventional technique.
Methods
The study was approved by the Cantonal Ethics Com-
mittee of Canton Zurich (KEK-Zurich) (Institutional re-
view board (IRB) No. 2015–0560). This was a
retrospective study with retrospective data collection.
We identified patients who had undergone primary TKA
for osteoarthritis in the time period from 2004 until
2012. Overall 1063 primary TKAs were identified in-
cluding 269 SAL UC; Self Aligning Ultra Congruent
(Zimmer Inc., Warsaw, IN, USA) and 466 NexGen Leg-
acy Posterior Stabilized Flex (Zimmer Inc., Warsaw, IN,
USA) and 328 GMK; Global Medacta Knee (Medacta
International S.A., Castel San Pietro, Switzerland).
The charts and radiographs of these patients were ana-
lysed and grouped into either manual instrumentation
(MAN) using an intramedullary rod for the femoral and
an extramedullary guide for the tibial cut, computer-
navigation (NAV) (Navitrack surgical navigation system,
Zimmer, Warsaw, IN, USA) or CT based patient specific
instrumentation (MyKnee, Medacta International S.A.,
Castel San Pietro, Switzerland) [19]. Patients in the PSI
group underwent preoperative CT scan including the
hip and the ankle. The goal in all cases was to achieve a
neutral coronal alignment.
Inclusion criteria included a complete pre- and post-
operative radiograph set with a preoperative varus or
valgus of 10 ° or more. Primary TKA using a semi-
constrained or constrained type of TKA were excluded.
The three groups were analysed and compared to each
other. Furthermore, a subgroup analysis regarding sur-
geon’s experience and implant used was performed. In
Table 1 the distribution of each group regarding the
number of patients, surgeon experience, implant and
varus/ valgus deformity is shown.
Radiographs
The preoperative radiographic assessment consisted of
X-rays of the knee (ap / lateral / patella axial view) and a
standing long-leg radiograph for assessment of the cor-
rect coronal alignment. For the PSI group an additional
CT scan was performed according to a special protocol,
which included the hip and ankle. Between 6 weeks and
3 months postoperatively, standard radiographs with
long-standing X-ray were routinely performed in our
outpatient clinic.
In 6 patients there was no standing long-leg radio-
graph available between 6 weeks and 3 months. There-
fore in these 6 patients the postoperative standing long-
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leg radiograph were performed between 6 and 18 months
postoperatively.
All measurements were performed by two senior ortho-
paedic residents (A.H. and C.L.) and the inter-rater reli-
ability was calculated. The mechanical axis of the lower
extremity in the frontal plane was measured in the pre-
and postoperative standing long-leg radiographs. The
measurement was from the centre of femoral head to the
intercondylar notch of the distal femur, and the centre of
the proximal tibia to the centre of the ankle.
The posterior tibial slope was measured in the lateral
postoperative X-rays according to Faschingbauer et al. [27].
Outliers
A neutral postoperative mechanical alignment was de-
fined within ±3°. An outlier was defined as a mechanical
axis with more than 3° varus or valgus. The target pos-
terior tibial slope varied between manufacturer designs.
Therefore an outlier was defined as 3° or more than the
targeted posterior tibial slope.
Statistics
Statistical analyses were performed with PRISM 5
Graphpad for MAC OS. Normally distributed variables
are reported as mean with standard deviations (SD). The
distribution of outlier between groups was analysed
using fishers exact test. The unpaired and paired
students-t-test as well as the Chi-square test, ANOVA
(analysis of variance) or ANOVA by ranks as appropriate
for comparison between more than two groups were
employed for intergroup and Intra-group comparison,
respectively. The interrater reliability of continuous vari-
ables (varus/valgus/slope) was determined using inter-
class correlations (ICC) derived from 2-way mixed-
effects ANOVA (average measures). Ninety-five percent
confidence intervals (CI) are reported for ICC. The cri-
teria of Landis and Koch were used for the magnitude of
the reliability coefficient: 0 to 0.2 = poor, 0.21 to 0.4 = fair,
0.41 to 0.6 = moderate, 0.61 to 0.8 = substantial, 0.81 to
1.0 = excellent agreement. Statistical level of significance
was defined with a p < 0.05.
Results
Pre- and postoperative measurement of varus and valgus
and sagittal alignment had excellent agreement between
both readers (varus: ICC: .995, CI: .993–.996, valgus:
ICC: .988, CI: .983–991, sagittal alignment: ICC: 0.955
CI: 0.922–0.974). We therefore decided to use the mean
of the two readers (A.H. and C.L.).
Coronal alignment
The overall mean postoperative varus / valgus deformity
was 2.8° (range, 0 to 9.9°; SD 2.3) / 2.5° (range, 0 to
14.7°; SD 2.3), respectively. The postoperative results are
summarized completely in Fig. 1 and show the larger
variability in the MAN and the NAV group compared to
the PSI group. In Fig. 2 the pre- to postoperative results
are depicted of the patients with a preoperative varus de-
formity and in Fig. 3 with a preoperative valgus deform-
ity, respectively. There are no significant differences
found between the groups pre- or postoperatively. Fur-
ther, the pre-to postoperative correlation did not reach
Table 1 The preoperative characteristics are depicted in this table. The p-value shows the homogeneity of the three groups
regarding age, BMI, gender and preoperative coronal deformity and significant difference regarding surgeons experience and used
implant
All Group MAN Group NAV Group PSI p = *
n= 159 54 52 53 n.a.
age (years mean (SD)) 70 (10.1) 71 (9.1) 69 (10.)5 69 (10.6) 0.56
BMI (kg/m2; mean (SD)) 30 (5.8) 30 (5.8) 31 (5.3) 29 (6.2) 0.482
Gender (n = f/m) 98/61 34/20 33/19 31/22 0.632
Varus n= 118 36 41 41 0.292
Varus degrees mean (SD) 13.0 (2.8) 12.6 (2.1) 13.0 (3.0) 13.8 (2.9) 0.13
Valgus n= 41 18 11 12 0.292
Valgus degrees mean (SD) −13.0 (2.9) −13.3 (3.6) −12.8 (2.2) −11.3 (1.7) 0.13
Surgeon’s experience >100 TKA 104 30 24 50 <0.001
Surgeon’s experience 50 to 100 TKA 55 24 28 3 <0.001
Zimmer NexGen n= 88 39 49 0 <0.001
Zimmer SAL n= 15 15 0 0 < 0.001
Global Medacta Knee n= 56 0 3 53 <0.001
SD standard deviation
∗ The Kruskal-Wallis test was applied to compare the distribution of continuous variables among groups and the Chi-square test was employed to compare the
distribution of nominal variables among groups
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significance in any of the three groups. Group MAN
r = 0.219, group NAV r = 0.102, group PSI r = 0.104.
This means that a preoperative varus or valgus deform-
ity did not influence the postoperative result regarding
varus or valgus deformity significantly.
The overall coronal outliers defined as >3° reached
30.2% (48 /159). Table 2 shows the main results with the
statistical significance. The PSI group showed the fewest
number of severe outliers (>5°) compared to the other
groups and showed statistical significance between PSI
and NAV group; p = 0.011. The PSI group, including
only the patients with preoperative varus deformity
again showed fewer severe outliers >5° compared to the
NAV group; p = 0.026. The complete results regarding
the separate preoperative varus and valgus groups are
depicted in Figs. 4 and 5.
Subgroup analysis
The three groups were analysed separately after exclud-
ing the patients who had been operated by an attending
with 50 to 100 TKA ending up with three homogenous
groups regarding the surgeon’s experience. There were
no statistical differences found in the postoperative cor-
onal outcome between the three subgroups and
Fig. 1 Here are all patients’ coronal alignment depicted with a dot and the distribution is visualized. The PSI group has the smallest variability
Fig. 2 The mean postoperative results of all patients with a preoperative varus deformity are depicted. There were no significant differences
shown between the three groups.
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therefore no statistical differences compared to the
complete group.
The three groups were analysed separately after ex-
cluding the different types of TKA ending up with three
homogenous groups regarding the TKA type. These re-
sults showed no significant differences compared to the
result of the three complete groups.
Sagittal alignment
The outliers defined as >3° off the planned posterior tib-
ial slope are shown in Table 3. Two pairs show statistical
significance; MAN / NAV: p = 0.007, MAN / PSI:
p = 0.006.
Discussion
The most significant finding of the present study is
that the overall outlier rate is rather high at 30.2%
(48 /159), in patients with a severe preoperative varus
or valgus deformity of 10° or more regardless of the
surgical technique. Between the three groups there
was no significant difference regarding postoperative
coronal accuracy. Therefore our hypothesis has to be
rejected. However, in this study the preoperative cor-
onal deformity did not correlate with the postopera-
tive result regarding outliers or radiographic accuracy
in varus or valgus. This can be well explained since
the patients with less than 10° coronal deformities
were excluded. Several authors have identified that a
severe, preoperative deformity is associated with a
relatively poor postoperative alignment and therefore
also a worse clinical long-term outcome [25, 26, 28,
29]. Comparing our results to the literature, the over-
all outlier range is higher in the patient population
with a severe preoperative coronal deformity. The
overall outliers (>3°) reached 30.2% (48 /159), which
is over the value of most of the studies found in lit-
erature regardless of the surgical technique. This is a
very important finding that a higher outlier rate oc-
curs in severe deformity and this information maybe
should be shared with our patients.
Fig. 3 The mean postoperative results of all patients with a preoperative valgus deformity are depicted. Again, there were no significant
differences seen between the three groups
Table 2 Overall results showing the postoperative outliers in the coronal plane
Statistical significance was calculated by Fisher Exact Test. Gray shaded = significant
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The PSI group had the fewest proportion of outliers
(>3° for the frontal mechanical axis) with 24.4% com-
pared to 31.5% in the MAN group and 34.6% in the
NAV group. Although not statistically significant, there
was a trend towards a benefit in the PSI group. When
using a threshold value of >5°, defined to be severe out-
liers, the results showed larger differences reaching stat-
istical significance with a p = 0.011 between the PSI and
the NAV group. Further, the accuracy reaching the
planned posterior tibial slope was statistically worse in
the MAN group with 48.1% outliers (>3° of the planned
value) compared to the PSI group with 22.6%
(p = 0.006) and to the NAV group with 23.1%
(p = 0.007).
The PSI group has significantly fewer severe outliers
due to the precise preoperative planning and accurate
cutting guides which should result in a 0° mechanical
axis. In our hands this technique seems to be the most
accurate in this patient group. On the other hand a pre-
operative CT scan is necessary in all the patients who re-
ceived a PSI TKA and therefore this is a potential
appreciable downside. However, the outlier range of
24.4% is still too high when comparing the results with a
study performed in our hospital with the same TKA and
PSI technique. In this group with less severe coronal de-
formity the outlier group represented 12% [19]. Two
other studies using the same PSI system showed outliers
of 10% [18] and 37% [30]. The relatively high outlier
proportion in the study of Ensini et al. [30] may be ex-
plained by a small study population and the associated
issues with learning a new PSI technique. Therefore, this
huge variability of the different studies is explained. The
accuracy regarding the posterior tibial slope is similar in
the PSI and the NAV group but interestingly here the
MAN group was significantly worse than the other two.
Our findings suggest that the computer navigation did
not improve accuracy in this study population. This is in
contrast to other authors reporting fewer outliers with
computer navigation [8]. The reasons are multifactorial
and not fully understood. One potential reason for this
discrepancy may be due to the varied experience be-
tween the surgeons. Less experienced surgeons who per-
formed fewer than 100 represented 28 of the 52 cases
with computerized navigation.
Fig. 4 The results summarized of all the patients with a preoperative varus deformity showing postoperative outliers (>3°) and severe outliers
(>5°). The PSI group shows significantly less outliers than the NAV group
Fig. 5 The results summarized, similar to Fig. 4, all the patients with a preoperative valgus deformity showing postoperative outliers and severe
outliers. No significant differences were detected
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In a study performed by Carli et al. [31] comparing
two different computer navigation systems, the results
showed a significant difference. However, in both study
groups there were rather high numbers of outliers, 24
and 32%, respectively.
In the study of Willcox et al. [32] the intraoperative
alignment according to the navigation differed from the
alignment measured using a standing long-leg
radiograph.
There are considerable limitations to this study. First,
the standing long-leg radiograph can mimic a false cor-
onal deformity if the patient does not fully extend their
knee and/or a rotational malalignment is present [33,
34]. We do not believe that it is justified to perform a
postoperative CT scan in order to address this concern.
Secondly the groups are not in all aspects homogenous.
However, the subgroup analysis did not change the main
conclusion and we therefore believe that this limitation
is negligible.
Conclusion
In severe varus / valgus deformity the three surgical
techniques demonstrated similar postoperative radio-
graphic alignment. However, in reducing severe outliers
(> 5°) and in achieving the planned posterior tibial slope
the PSI technique for TKA may be superior to computer
navigation and the conventional technique. Further
prospective studies are needed to determine which tech-
nique is the best regarding reducing outliers in patients
with severe preoperative coronal deformity.
Abbreviations
CI: Confidence intervals; CT: Computer tomography; GMK: Global medacta
knee; ICC: Interclass correlations; IRB: Institutional review board; MAN: Manual
instrumentation; MRI: Magnetic resonance imaging; NAV: Computer
navigated instrumentation; PSI: Patient specific instrumentation; SAL UC: Self
aligning ultra congruent; TKA: Total knee arthroplasty
Funding
No fundings.
Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due to no beneficial information for readers but they are
certainly available from the corresponding author on reasonable request.
Authors’ contributions
All authors have made substantial contributions to this study; SR was
involved in conception and design, analysis and interpretation of data and in
drafting the manuscript. RC was involved in conception and design, the
acquisition and interpretation of data. AH, CL and DB were involved in
conception and the acquisition of data, analysis and interpretation of data.
MF was involved in conception, analysis and statistics. SF was involved in
conception, analysis and interpretation of data and revising the manuscript
critically for important intellectual content. All authors read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
All participants gave their written consent to this study.
Table 3 Overall results showing the postoperative outliers in the sagittal plane regarding the posterior tibial slope. An outlier was
defined when more than 3° difference to the planned posterior tibial slope
Statistical significance was calculated by Fisher Exact Test. Gray shaded = significant
Rahm et al. BMC Musculoskeletal Disorders  (2017) 18:272 Page 7 of 8
Ethics approval and consent to participate
The study was approved by the Cantonal Ethics Committee of Canton Zurich
(KEK-Zurich) (Institutional review board (IRB) No. 2015–0560). Kanton Zürich,
Kantonale Ethikkommission, Stampfenbachstrasse 121, 8090 Zürich,
Switzerland, Tel: +41 43,259 79 69, Fax: +41 43,259 79 72, www.kek.zh.ch.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 17 January 2017 Accepted: 15 June 2017
References
1. Green GV, Berend KR, Berend ME, Glisson RR, Vail TP. The effects of varus
tibial alignment on proximal tibial surface strain in total knee arthroplasty:
The posteromedial hot spot. J Arthroplast. 2002;17:1033–9.
2. Liau JJ, Cheng CK, Huang CH, Lo WH. The effect of malalignment on
stresses in polyethylene component of total knee prostheses–a finite
element analysis. Clin Biomech (Bristol, Avon). 2002;17:140–6.
3. Werner FW, Ayers DC, Maletsky LP, Rullkoetter PJ. The effect of valgus/varus
malalignment on load distribution in total knee replacements. J Biomech.
2005;38:349–55.
4. Choong PF, Stoney JD. Does accurate anatomical alignment result in better
function and quality of life? comparing conventional and computer-assisted
total knee arthroplasty. J Arthroplast. 2009;24:560–9. Elsevier Inc.
5. Figgie HE, Goldberg VM, Figgie MP, Inglis AE, Kelly M, Sobel M. The effect of
alignment of the implant on fractures of the patella after condylar total
knee arthroplasty. J Bone Joint Surg Am. 1989;71:1031–9.
6. Huang NFR, Dowsey MM, Ee E, Stoney JD, Babazadeh S, Choong PF.
Coronal alignment correlates with outcome after total knee arthroplasty:
five-year follow-up of a randomized controlled trial. J Arthroplast. 2012;27:
1737–41.
7. Wasielewski RC, Galante JO, Leighty RM, Natarajan RN, Rosenberg AG. Wear
patterns on retrieved polyethylene tibial inserts and their relationship to
technical considerations during total knee arthroplasty. Clin Orthop Relat
Res. 1994;229:31–43.
8. Hetaimish BM, Khan MM, Simunovic N, Al-Harbi HH, Bhandari M, Zalzal PK.
Meta-analysis of navigation vs conventional total knee arthroplasty. J
Arthroplast. 2012;27:1177–82.
9. Mason JB, Fehring TK, Estok R, Banel D, Fahrbach K. Meta-analysis of
alignment outcomes in computer-assisted total knee arthroplasty surgery. J
Arthroplast. 2007;22:1097–106.
10. Yau WP, Chiu KY, Zuo JL, Tang WM, Ng TP. Computer navigation did not
improve alignment in a lower-volume total knee practice. Clin Orthop Relat
Res. 2008;466:935–45.
11. Kim Y-H, Kim J-S, Choi Y, Kwon O-R. Computer-assisted surgical navigation
does not improve the alignment and orientation of the components in
total knee arthroplasty. J Bone Joint Surg Am. 2009;91:14–9.
12. Chauhan SK, Clark GW, Lloyd S, Scott RG, Breidahl W, Sikorski JM. Computer-
assisted total knee replacement. A controlled cadaver study using a multi-
parameter quantitative CT assessment of alignment (the Perth CT Protocol).
J Bone Joint Surg Br. 2004;86:818–23.
13. Gøthesen O, Espehaug B, Havelin LI, Petursson G, Hallan G, Strøm E, et al.
Functional outcome and alignment in computer-assisted and
conventionally operated total knee replacements: a multicentre parallel-
group randomised controlled trial. Bone Joint J. 2014;96-B:609–18.
14. Jenny J-Y, Clemens U, Kohler S, Kiefer H, Konermann W, Miehlke RK.
Consistency of implantation of a total knee arthroplasty with a non-image-
based navigation system: a case-control study of 235 cases compared with
235 conventionally implanted prostheses. J Arthroplast. 2005;20:832–9.
15. Blakeney WG, Khan RJK, Wall SJ. Computer-assisted techniques versus
conventional guides for component alignment in total knee arthroplasty: a
randomized controlled trial. J Bone Joint Surg Am. 2011;93:1377–84.
16. Bauwens K, Matthes G, Wich M, Gebhard F, Hanson B, Ekkernkamp A, et al.
Navigated total knee replacement. A meta-analysis. J Bone Joint Surg Am.
2007;89:261–9.
17. Desai AS, Dramis A, Kendoff D, Board TN. Critical review of the current practice
for computer-assisted navigation in total knee replacement surgery: cost-
effectiveness and clinical outcome. Curr Rev Musculoskelet Med. 2010;4:11–5.
18. Anderl W, Pauzenberger L, Kölblinger R, Kiesselbach G, Brandl G, Laky B, et
al. Patient-specific instrumentation improved mechanical alignment, while
early clinical outcome was comparable to conventional instrumentation in
TKA. Knee Surg Sports Traumatol Arthrosc. 2014;
19. Koch PP, Müller D, Pisan M, Fucentese SF. Radiographic accuracy in TKA
with a CT-based patient-specific cutting block technique. Knee Surg Sports
Traumatol Arthrosc. 2013;21:2200–5.
20. MacDessi SJ, Jang B, Harris IA, Wheatley E, Bryant C, Chen DB. A comparison
of alignment using patient specific guides, computer navigation and
conventional instrumentation in total knee arthroplasty. Knee. 2014;21:406–
9. Elsevier B.V
21. Yan CH, Chiu KY, Ng FY, Chan PK, Fang CX. Comparison between patient-
specific instruments and conventional instruments and computer
navigation in total knee arthroplasty: a randomized controlled trial. Knee
Surg Sports Traumatol Arthrosc. 2014;
22. Mannan A, Smith TO, Sagar C, London NJ, Molitor PJA. No demonstrable
benefit for coronal alignment outcomes in PSI knee arthroplasty: a systematic
review and meta-analysis. Orthop Traumatol Surg Res. 2015;101:461–8.
23. Chen JY, Yeo SJ, Yew AKS, Tay DKJ, Chia S-L, Lo NN, et al. The radiological
outcomes of patient-specific instrumentation versus conventional total knee
arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2014;22:630–5.
24. Ng VY, DeClaire JH, Berend KR, Gulick BC, Lombardi AV. Improved accuracy
of alignment with patient-specific positioning guides compared with
manual instrumentation in TKA. Clin Orthop Relat Res. 2011;470:99–107.
25. Ritter MA, Davis KE, Davis P, Farris A, Malinzak RA, Berend ME, et al.
Preoperative malalignment increases risk of failure after total knee
arthroplasty. J Bone Joint Surg Am [Internet]. 2013;95:126–31. Available
from: http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=
pubmed&id=23324959&retmode=ref&cmd=prlinks.
26. Sorrells RB, Murphy JA, Sheridan KC, Wasielewski RC. The effect of varus and
valgus deformity on results of cementless mobile bearing TKA. Knee. 2007;
14:284–8.
27. Faschingbauer M, Sgroi M, Juchems M, Reichel H, Kappe T. Can the tibial
slope be measured on lateral knee radiographs? Knee Surg Sports
Traumatol Arthrosc. 2014;22:3163–7.
28. Karachalios T, Sarangi PP, Newman JH. Severe varus and valgus deformities
treated by total knee arthroplasty. J Bone Joint Surg Br. 1994;76:938–42.
29. Chandler JT, Moskal JT. Evaluation of knee and hindfoot alignment before
and after total knee arthroplasty: a prospective analysis. J Arthroplast. 2004;
19:211–6.
30. Ensini A, Timoncini A, Cenni F, Belvedere C, Fusai F, Leardini A, et al. Intra-
and post-operative accuracy assessments of two different patient-specific
instrumentation systems for total knee replacement. Knee Surg Sports
Traumatol Arthrosc. 2013;22:621–9.
31. Carli A, Aoude A, Reuven A, Matache B, Antoniou J, Zukor D. Inconsistencies
between navigation data and radiographs in total knee arthroplasty are
system-dependent and affect coronal alignment. Can J Surg. 2014;57:305–13.
32. Willcox NMJ, Clarke JV, Smith BRK, Deakin AH, Deep K. A comparison of
radiological and computer navigation measurements of lower limb coronal
alignment before and after total knee replacement. J Bone Joint Surg Br.
2012;94:1234–40.
33. Lonner JH, Laird MT, Stuchin SA. Effect of rotation and knee flexion on
radiographic alignment in total knee arthroplasties. Clin Orthop Relat Res.
1996:102–6.
34. Krackow KA, Pepe CL, Galloway EJ. A mathematical analysis of the effect of
flexion and rotation on apparent varus/valgus alignment at the knee.
Orthopedics. 1990;13:861–8.
Rahm et al. BMC Musculoskeletal Disorders  (2017) 18:272 Page 8 of 8
